Drosophila 1^ cells contain a series of RNA fragments ranging in size from 980 to 4600 bp. The fragments copurify with a virus-like nucleoprotein particle which has a density of 1 .384 g/cm3 and is a 62 nm diameter icosahedron. There are 11-13 double stranded RNAs in the particles; they are not homologous with either cultured cell or embryo genomic DNA. The particle also contains a minimum of seven polypeptides, three of which are major, and all of which continue to be synthesized in Kc cells in heat shock when normal cellular protein synthesis is shut down. This virus-like particle occurs in large enough amounts in K c cells to confuse molecular and physiological studies, however the cells continue to multiply in its presence.
INTRODUCTION
Drosophila cells in culture and whole organisms have been shown to harbor particles which have the morphological and/or biological properties of viruses (1) (2) (3) (4) (5) (6) (7) (8) (9) . Of these, the Drosophi la X vi rus (DXV) (9) , the HPS-1 virus (6) and the Drosophila C virus (DCV) (k) have been characterized as to RNA and protein content. Others have been less completely described at the molecular level (7) or are morphological or biological characterizations (1, 3, 5) Thus far all the particles have had either single or double stranded RNA genomes; with one exception the double stranded RNA genomes are segmented (6) . In many cases the infections appear to be persistent as the cells or organisms apparently continue to divide normally in the presence of the virus.
While studying nucleosome structure in Drosophila Kc cells in culture,
we observed that DNA preparations from the nucleosomes were heavily contaminated with a curious series of nucleic acid molecules. The large amount of this material dictated that it be further characterized since it clearly could interfere with molecular and physiological studies of these cells. We report here a preliminary characterization of a virus-like particle which contains these nucleic acids and exists in high concentration in Drosophi la !<<-cells.
MATERIALS AND METHODS
Mater ials. Double stranded RNA from virus-like particles of killer yeast was a gift from Micheal Leibowitz. (5' P)~pCp was purchased from New England Nuclear and RNA ligase from P-L. Biochemi ca I s.
CeI 1 culture. Drosophi la K c cells were maintained in tissue culture flasks at 25° C in D-22 medium (10) supplemented with 10% heat inactivated fetal calf serum at densities between 1 and 10 x 10° cells/ml.
Preparation of virus-like particles. Cells were harvested by centr I fugation and the pellets were resuspended in cold B buffer (60 mM KC1 , 20 mM NaCl, 2 mM MgCl 2 , 0.001$ spermidine, 10 mM tris-Cl, pH 7.2) containing 0.5% NP-40 using 2 ml B buffer per 10& cells. The cells were broken with a Dounce homogenizer using a tight-fitting pestle and nuclei were pelleted by centifugation at 9,100 x g for 10 min. The post nuclear supernate was loaded on a linear 15-45% sucrose gradient prepared in B buffer and centrifuged at 4° C in a Spinco SW4l rotor at 130,000 x g for 90 min. The gradients were collected by puncturing the bottom of the tube and 1 ml fractions were collected. Fractions containing the particles were identified by extracting RNA from each fraction and analyzing it on agarose gels. Fractions containing the particle RNAs were pooled and dialized against 10 mM tris, 0.1 m NaCl , 1 mM EDTA, pH 7.5. CsCl was added to the dialized material to a final density of 1.377 g/cm-'. The particles were centrifuged at 25° C for 72 h at 145,000 x g in a Spinco SW60Ti rotor.
Fractions were collected and RNA-containing particles were located as described above.
Electron mi croscopy. Particles purified on CsCl gradients were dialized against 50 mM ammonium formate. They were applied to formvr->r-coated grids in the presence of bacitracin and negatively stained with uranyl acetate. Thin sections were prepared from pellets of intact cells which were fixed in glutaralydehyde, post-fixed in OsO^, stained with uranyl acetate, dehydrated and embedded in Epon. The sections were then stained again briefly with uranyl acetate and viewed in a Jeol I00B mi croscope.
RNA pur i fication. RNA was purified from homogenates and gradient Nuclei were sedimented from the filtrate at 1000 x g for 10 min and the nuclear pellet was washed until the supernate was clear. DNA was isolated from the pellet by the above procedure.
RNA end-labeling procedure. Purified particle and rlbosomal RNAs were end-labeled with (5'-32p)-pCp as described by Thiele e^ a_K (16) . A typical reaction contained 50 pg RNA and 200 ycj(5'-^2p)-pCp in a total volume of 50 Ml.
RESULTS
Puri ficat ion of particles. In experiments designed to characterize protein to DNA ratios in Drosophila nucleosomes, nuclei were isolated from the KQ line of cells in culture. Following digestion of the nuclei with micrococcal nuclease, total nucleosomes were solubilized with 0.5 M NaCI (17) and centrifuged to equilibrium on metrizamide gradients. Total nucleic acid was isolated from fractions across the gradient and displayed on an agarose gel. Figure 1 shows that the typical nucleosome pattern was present, and in addition, a series of up to thirteen sharper bands were present at a density slightly higher than that of the nucleosomes. The material in the nucleosome ladder on this gel was sensitive to DNase digestion while the sharper bands were digested by RNase A. The density of the series of sharp bands on metrizamide indicated they were present as nucleoprotein particles, probably viral, which were present at high concentration in these cells.
A comparison of the amount of the series of sharp bands in nuclear pellets versus post-nuclear supernate or cytoplasm showed much higher concentrations were present in the cytoplasmic fraction. There were no detectable RNA bands in polyethylene glycol precipitates of the medium. The cytoplasm was therefore used as the starting material for purification of the particles.
The series of sharp bands sedimented as a group on ^S~^S% sucrose gradients. Figure 2 shows that the series was well separated from the bulk of cytoplasmic RNAs by this procedure but was not yet pure. The fractions containing the series of sharp bands were pooled, dialized and centrifuged to equilibrium in CsCl. Two peaks were resolved on CsCl as seen in Figure 3 . The major peak contained all of the RNA bands and had a density of 1.38*1 g/crn-^. A smaller peak banded at a density of 1 . ^»81 g/cm3 and contained reduced amounts of several of the RNA bands. The material in the major peak was used for the characterizations described below. Although the particle RNAs were prepared from CsCl-purified particles and were pure by ethidium bromide staining criteria we could not rule out low level contamination by ribosomal RNA. When ribosomal RNA was purified and end labeled by the same procedure, the efficiency of labeling was over 100-fold higher than that observed for the double stranded particle RNAs and amounts of ribosomal RNA present in the particle RNA probe accounted for the hybridization observed with the particle RNA and we conclude there are no DNA sequences in the Drosophila genome homologous to the particle RNA sequences.
DISCUSSION
These experiments have shown that Drosophi la K<-cells in culture contain a large amount of a virus-like particle. Morphological experiments showed that this particle is most abundant in the cytoplasm: fewer particles were seen in the nucleus. Subcellular fractionatIon experiments also showed that the RNAs present in the particle were most concentrated in the post-nuclear supernate (cytoplasm): less was associated with the nuclear pellet and no detectable RNAs were recovered from the medium. Since the Insoluble cytoskeleton in these cells is present in the nuclear pellet and some particles are occluded In this structure (data not shown), there may In fact be very little of this RNA present inside the nucleus itself.
When purified by centrifugation in sucrose and CsCl, the virus-like particle contains 11-13 segments of double stranded RNA and at least seven potypeptides, three of which are present In larger amounts. The RNAs range
In size from 980 to *t600 bp. The peaks labeled B, C, and D on Figure 7 migrate as broad bands on agarose gels. After examination of many gels and photographs we believe each contains a doublet, but complete resolution of these doublets has not been obtained. Peak E on Figure 7 contains either two or three bands. Assuming equimolar concentrations of all RNA segments this is consistent with densitometer tracings of photographs of ethidium bromide stained gels which show more fluorescence present in these bands than expected for a single species of RNA. The 11-13 RNAs are sufficient in number to code for the polypeptides we have observed in the particle.
The largest RNA fragment is capable of coding for a polypeptide of approximately 180,000 daltons, well in excess of the size of the largest polypeptide in the particle (135,000 daltons). Presumably the particle RNAs code for the particle polypeptides but this remains to be determined. The virus-like particle is present in large enough amounts in K,; cells that stainable amounts of the RNAs are seen in both cellular DNA preparations before RNase treatment and in total cytoplasmic RNA preparations displayed on denaturing gels (data not shown).
In the latter case the particle RNAs can in fact be used as internal size markers. The major polypeptides in the particle are as abundant in the cell as major cellular polypeptides and are labeled in heat shock as are the RNAs in the particle. This means that the macromolecular components of the particle are present in amounts sufficient to be easily confused with cellular material in molecular and/or physiological studies of these cells.
The RNAs in the purified particle do not contain sequences complimentary to sequences present in the genome of either the 1^ cells or embryos from the OregonR P-2 strain of flies. This property, the particle morphology, its macromolecular composition and density are consistent with classification of the particles as viruses similar to the family Reovi r i dae , genus Orbivi rus (21) . We have not shown that the virus-like particles are infectious since all of our Drosophila K c cells are apparently persistently infected with them.
The virus-like particle in 1^ cells is similar in size, morphology and density to a virus isolated from the Blood cell line in Drosophila (7)• However the number and size distribution of double-stranded RNA segments in our particle differs somewhat from the Blood cell particle. These workers did not characterize the proteins in the Blood cell particle. A totally independently isolated cell line, 67J25D, contains a 68 nm diameter round virus-like particle, also with a segmented double-stranded RNA genome (22) .
Only five polypeptides were associated with this particle, and they differ considerably in size distribution from the K,-virus-like particle polypeptides.
Sa i go et_ a^_. (23) have also described similar series of double stranded RNA segments present in Schneider Line II, K^-, and K H cells. The segments differ in number and size distribution from one line to another. In this case no particle or protein characterization was described. It seems possible, from the similarities in number and size distribution, that these
RNAs are related to the series present in the virus-like particle we have character i zed.
